A procedure has been developed in which Salmonella can be detected in dried foods and feeds within 50 hr. This includes preenrichment (18 hr), selective enrichment (24 hr), elective enrichment (6 to 8 hr), and serological testing (2 hr). The procedure is as sensitive as the more time-consuming, traditional (plating, biochemical, and serological) procedure which may require at least 4 to 5 days. The new procedure is rapid and accurate in comparison to traditional procedures. Moreover, it is simple and inexpensive to perform. As described, the procedure does not necessitate the isolation of pure cultures, but this step is performed easily if desired.
The food and feed industries are currently subjecting their products to an intensive scrutiny for Salmonella contamination. The recall of contaminated product from the market, actual loss of product, marred product prestige, and economic consequences of increased control programs have and will continue to have serious ramifications in the affected industries.
One of the major problems confronting industry today is the long time needed to dermine whether a product is free of Salmonella contamination. An absolute minimum of 4 days is required (2) , and, if the presumptive test is positive, an additional 2 to 3 days are necessary. In general, 4 to 6 days must be allotted for this determination. This forces the manufacturer to consider two alternatives. One is to ship the product without waiting for laboratory clearance; the other, to warehouse the product until laboratory clearance is obtained. Neither alternative is economically appealing. In the first alternative, microbiological safety can be violated and the product may be subject to recall or seizure. The other alternative involves costly additional handling and storage of product. These considerations lay the foundation for one of the food and feed industries' most pressing needs: an accelerated procedure for Salmonella detection.
The accelerated procedure described herein necessitates both preenrichment and selective enrichment by the same methods as practiced in I Published with the approval of the Director of the Wisconsin Agricultural Experiment Station. the traditional procedure. However, instead of subsequently plating in selective agar media to effect isolation followed by biochemical screening and ultimate serological confirmation, the proposed procedure involves a 6-hr incubation in an elective broth medium and direct serological testing. For the most part, the definitive identification of salmonellae is serological, and, the sooner these specific immunochemical reactions can be employed in a given procedure, the less time will be required for its completion.
MATERIALS AND METHODS Samples. Only foods and feeds that were contaminated naturally with salmonellae were used in this study. Most of these samples were supplied through the generosity of various food companies. Selective enrichment. Tubes containing 9 ml of SPERBER AND DEIBEL either Selenite-Cystine Broth (Difco) or Tetrathionate Broth (Difco) were inoculated with 1-ml volumes of the preenrichment broth. These media were prepared with only 90% of the recommended amount of water so that, when the 1 ml of inoculum was added, the enrichment components were present at full strength. After shaking to insure distribution of the inoculum, the cultures were incubated at 37 C for 24 hr. Traditional cultural procedure. Essentially, the method of the U.S. Food and Drug Laboratories was employed (2) . Dried plates of Salmonella-Shigella (SS) Agar (Difco), Brilliant Green Agar (Difco), and Bismuth Sulfite Agar (Difco) were inoculated by streaking one loopful of the selective enrichment culture. Each enrichment was streaked on all three media. Thus, each sample ultimately required a total of six plates. Sucrose at 1% strength was added to the SS Agar to differentiate sucrose-fermenting colonies on the plate. Also, 0.65% agar was added to SS Agar to obtain a firm medium with superior streaking characteristics. The inoculated plates were incubated at 37 C for 24 hr, whereupon two to four suspect colonies from each plate were picked to slants of Triple Sugar Iron (TSI) Agar (Difco). The slants were incubated overnight at 37 C. Presumptively Salmonella-positive cultures were transferred into Brain Heart Infusion (BHI; Difco) and incubated at least 8 hr at 37 C, or until densely turbid, for flagellar antigen tests using pooled (8) (ii) One milliliter of the preenrichment culture is transferred to 9 ml of Selenite-Cystine Broth and 1 ml to 9 ml of Tetrathionate Broth. The enrichment media are incubated at 37 C for 24 hr.
(iii) M broth is prepared by adding 1. The 10-ml volume of broth facilitates not only the employment of a drop inoculum from the enrichment broths, but also the subsequent withdrawal of culture for serological tests such that no precipitates are included and actively motile cells are obtained more readily. The citrate in M broth has a dual function in that it chelates the inorganic salts and also affords enrichment of Salmonella by serving as an energy source.
In this laboratory, preenrichment cultures are prepared before 3:00 PM each day. On the following (second) morning, enrichment cultures are then inoculated at 8:00 to 9:00 AM. This permits at least an 18-hr incubation of the preenrichment culture. The M broth is inoculated with one drop of enrichment culture at 8:00 to 9:00 AM on the next (third) morning, shaken to distribute the inoculum, tempered, incubated for 6 hr at 37 C, and tested by the modified Hagglutination test. The M-broth cultures may be incubated overnight at 37 C if the modified agglutination test cannot be performed on the same day. In this event, the M broth should be inoculated with one loopful (0.01 ml) of the enrichment culture instead of one drop (0.05 ml). The primary purpose of inoculating the enrichment broths and M broth at 8:00 to 9:00 AM is to facilitate completion of the H-agglutination tests at the end of the day.
( It is imperative to temper all media to 37 C before inoculation. This is particularly critical with the M broth, which is usually incubated only 6 hr.
The M-broth culture can also be used to determine the somatic antigens of salmonellae present. One drop of culture is mixed with one drop of antiserum on a glass slide, gently rotated, and observed for agglutination. It The three species not detectable by the suggested pooled antisera are S. agona (group B), S. quinhon (group X), and S. pullorum-gallinarum (group D). In the 3-year period, 1965 to 1967, S. agona and S. quinhon were never isolated from nonhuman sources and only one isolation was made from human sources (5) . Moreover, the relative and real incidence of the avian pathogen, S. pullorum-gallinarum, appears to be steadily decreasing (Table 5 ). Thus, the major factor that cannot be evaluated with the statistical data available is the incidence of nonmotile variants. However, even in instances where motility cannot be detected, positive reactions with H antisera have been observed (1) . Although it is estimated that these isolates are relatively rare, definitive data regarding their occurrence is lacking.
Previous studies have dealt with the utility of using flagellar antisera for rapid screening methods of pure Salmonella cultures. Years ago, Hajna and Damon (3) pioneered H agglutination as a rapid screening method for Salmonella detection. More recently, Silliker et al. (8) reaffirmed the usefulness of this procedure. The Food and Drug Administration Laboratories advocate the employment of both a polyvalent H and Spicer-Edwards H antisera in their screening procedure (9) . However, all of these screening methods embody isolation of colonies on selective agar media (24-hr growth period) followed by biochemical screening in TSI Agar (24 additional hr) and ultimately serological tests employing 6-to 8-hr broth cultures. In essence, the ES procedure herein described obviates the bacteriological manipulations and reduces the time factor by 48 hr. With the accuracy and sensitivity of both procedures being equivalent, the economic benefits are in favor of the ES procedure.
Preliminary studies indicate that the ES procedure can be extended to other types of foods aside from dried foods. Also, it is anticipated that the procedure will have utility in detecting Salmonella in fecal specimens. These studies will constitute the subject of a subsequent report.
